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The yellow protein crystallized  by Kunitz and McDonald (7)  from yeast 
has been examined for some of its properties.  The crystalline  preparations 
employed were kindly placed  at my disposal by these  authors.  The yellow 
color of the preparation appears  to be largely due to a flavin prosthetic group, 
though  another  yellowish prosthetic group also appears  to be present.  No 
enzymatic function for this protein preparation has as yet been found. 
EXPERIMENTAL 
The preparations of the yellow protein were received as a paste containing 
ammonium sulfate.  In  the  first preparation received,  attempts to  dialyze 
away this salt resulted in a loss of color and denaturation of the protein.  All 
subsequent experiments were, therefore, performed on solutions of the protein 
made by dissolving the paste in water.  A dear lemon-yellow-colored solution 
was thus obtained. 
The absorption spectrum of such a solution, as measured in a Beckman spec- 
trophotometer, is shown in Fig.  1 by the curve labeled "Oxidized."  A peak 
may be observed in the region of k 450 m/~.  If, to this solution, a little solid 
dithionite (Na~S=O4) is added, the yellow color fades pronouncedly but does 
not entirely disappear.  This solution  was overlaid  with mineral oil in order 
to prevent its reoxidation  by air and its absorption spectrum was measured. 
The curve obtained is the one shown in Fig.  1 labeled  "Reduced."  Read- 
ings below 400 m~ were not taken since Na~S204 itself absorbs in this region. 
If the curve thus obtained is now subtracted from that of the oxidized form, 
there is  obtained the curve labeled  "Difference" which  is  given  in  Fig.  1. 
This curve with a definite peak in the region of 440 to 450 m~ is suggestive of 
those given by various flavin compounds  (cf. Ball (2)).  If air is admitted to 
the reduced solution, the yellow color is restored, the density reading at 435 m/, 
returning to within 95 per cent of its original value.  The reduction and oxida- 
tion process may be repeated indicating that a truly reversible oxidation-reduc- 
tion system is involved in the color change. 
The protein content of the solution employed in these  spectrophotometric 
experiments was determined.  The protein was denatured by heat and by the 
addition of alcohol and the precipitate obtained washed with water until free 
from ammonium sulfate as indicated by Nessler's  reagent.  The dry weight 
indicated 94.6 mg. of protein per ml.  of solution.  If we are dealing with a 
flavoprotein, as seems likely, then using the density readings given in Fig. 1 and 
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the  dry weight,  it  is  possible  to  calculate  a  minimum  molecular  weight. 
Employing Warburg's (10) value for riboflavin at 445 m/z as B =  2.6 X  10; and 
the density reading of 0.35 at 445 m/~ for the curve labeled "Difference" in Fig. 
1, it can be calculated that each milliliter of solution contains 3.1 X  10  -8 tools 
of flavin.  If the protein is homogeneous and contains one flavin group per mole- 
cule, then 94.6 rag. of protein must correspond to 3.1  X  10  -s mols.  The mini- 
mum molecular weight of such a protein would, therefore, be three million. 
The application of heat or addition of alcohol to a  solution of the protein 
causes the formation of a white precipitate of denatured protein and leaves a 
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Fzo. I. The absorption spectra of the yeast yellow protein in the oxidized and 
reduced forms.  Values are for a 1 crn. cell and for a solution containing 94.6 mg. of 
protein per ml. 
dear yellow supernatant.  The absorption spectra in the near ultraviolet of 
such supernatants vary according to the procedure employed for denaturation. 
Solutions obtained by the addition of 4 volumes of absolute ethyl alcohol to one 
volume of protein solution show much more absorption in the near ultraviolet 
than those obtained by heat denaturation.  Control experiments show that the 
alcohol is not contributing to this extra absorption.  The absorption spectrum 
of an alcohol solution of the prosthetic groups resembles that given in Fig.  1 
for the protein itself for the region 350 to 550 m/~.  These observations sug- 
gested the presence of two prosthetic groups in the protein, one yellow in color 
and the other absorbing prim, rily in the ultraviolet.  The following experi- 
ments substantiate this suggestion. 
An alcoholic solution of the prosthetic groups of the protein was prepared as 
described above.  This was evaporated to dryness on a  steam bath and  the 
small yellow residue resulting was taken up in water.  The absorption spectrum 
of this solution is shown in Fig. 2, as curve 1.  It resembles that of the protein ERIC G. BALL  415 
itself.  This aqueous solution was now made acid to Congo red paper and ex- 
tracted successively with small portions of CHCI~.  The clear colorless CHCls 
extracts were pooled, and mixed, and the absorption spectra of the chloroform 
extract and the clear yellow aqueous residue were measured.  In Fig. 2, curve 
2 is the spectrum of the aqueous yellow residue.  It shows a more pronounced 
peak in the region of 440 mg which is characteristic of the flavins than does the 
original solution.  The yellow color of this solution was discharged by the addi- 
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Fzo. 2.  The absorption spectra of the prosthetic groups of the yeast yellow protein. 
Curve  1.  An  aqueous  solution  of  the  prosthetic  groups  obtained  by  alcohol 
denaturation of the protein.  Curve 2.  Aqueous  residue  of the solution shown in 
curve 1 after its extraction with CHCh.  Curve 3.  CHCI~ extract of solution shown 
in curve 1. 
Final volume of CHCh solution equal to that of original aqueous solution of curve 
1, thus curve 2  -1- curve 3  =  curve 1. 
All solutions were measured in a 1 cm. ceU and contained per milliliter the amount 
of material obtained from 151 rag. of protein.  See text for further details. 
tion of Na~S~O4 and returned on shaking with air.  Ascorbic acid did not cause 
such a  reduction which is to be expected if the yellow color is due to a flavin. 
The chloroform solution has the spectrum shown by curve 3 in Fig. 2.  It shows 
three peaks located at 375, 285, and 265 m/z with much stronger absorption at 
the latter two points.  There is thus no doubt that two different compounds 
are present. 
Further proof was now sought for the flavin nature of the yellow prosthetic 
group by submitting it to the procedure for production of a lumiflavin deriva- 
tive.  The yellow aqueous residue from the chloroform extraction was further 
treated with chloroform until little ultraviolet-absorbing material was extracted. 
It was then made 0.05 in NaOH and irradiated with white light for 3 hours with 416  PROPERTIES O~ YEAST YELLOW  PROTEIN 
cooling under running tap water.  The irradiated yellow solution was again 
made acid to Congo red.  Extraction with one portion of chloroform now re- 
moved practically all the yellow color from the aqueous residue.  The chloro- 
form solution so obtained had the characteristic greenish yellow  fluorescence dis- 
played by lumiflavin solutions.  The absorption spectrum of the solution left 
little doubt that the yellow compound was ravin in nature.  It showed two 
main peaks centered at 450 and 345 m/~ with the peak at 450 mg possessing  on 
either side shoulders characteristic of lumiflavin (cf.  Warburg (10)).  The spec- 
trum differed from that of lumiflavin in that the peak at 345 m~ was nearly the 
same height as that at 450 m/~ but this may well be due to the presence of a 
residue of the other prosthetic group which absorbs in this region. 
All the evidence thus points to the conclusion that the yellow color of the pro- 
tein is due primarily to the presence of a ravin compound.  Two flavin pros- 
thetic groups are known, riboflavin phosphate and ravin-adenine dinucleotide. 
The presence of the latter compound can be detected by its ability to function 
as the coenzyme of the d-amino acid oxidase system (cf.  (11)).  Solutions of the 
yellow prosthetic group obtained from the yeast yellow protein by any of the 
described procedures did not act as a coenzyme for d-amino acid oxidase, nor 
did they prevent the functioning of added flavin-adenine dinucleotide in this 
test system.  It would appear, therefore, that the ravin described here is either 
riboflavin phosphate or some unknown compound. 
The nature of the prosthetic group extracted from acid solution by CHCh 
is not known.  It would appear to possess some group capable of undergoing 
dissociation, since it cannot be extracted from alkaline solutions by CHCh. 
Aqueous solutions of the material may be obtained by solution of the faintly 
yellow residue left after evaporation of CHCh solutions.  The residue, how- 
ever, dissolves more readily in weakly alkaline solutions than in water to give a 
faint but definitely yellow solution.  This yellow color is not discharged by the 
addition of Na,  S,O, but it fades m~rkedly on acidification of the solution.  This 
change in color with pH is readily reversible and is reflected in a difference in the 
absorption spectra of the acid and alkaline forms.  The acid aqueous form pos- 
sesses  a  spectrum  similar  to  that  given  by  the  CHCh  solution  of  this 
group shown in curve 3, Fig. 2.  It possesses peaks at 260 to 265, and 285 m~ 
and shows general absorption in the region of 325  to 450 m/~.  The alkaline 
aqueous form possesses one peak at 260 m/z which is higher than either of those 
for the acid form in this region, and shows general absorption extending from 
325 to 500 m~. 
As yet, no catalytic function has been found for this flavoprotein.  It has 
been tested manometrically for activity in the oxidation of the following sub- 
strates: glucose, hypoxanthine, acetaldehyde, sodium lactate, sodium succinate, 
d/-alanine, /-leucine, and glycine.  It also failed to catalyze the reaction be- 
tween reduced diphosphopyridine nucleotide and methylene blue. ERIC G.  BALL  417 
DISCUSSION 
Green, Knox, and Stumpf (6) have also described the preparation of a flavo- 
protein from yeast for which no catalytic function could be found.  Their com- 
pound does not appear to be the same as the one described here, though there 
is some  resemblance in the absorption spectra of the two compounds.  The 
flavoprotein obtained  by Green el al. contains flavin-adenine dinucleotide and is 
brownish yellow in color.  Moreover, the second prosthetic group which it con- 
tains does not appear to be released by denaturation of its protein carrier. 
It is of interest to note that more and more flavoproteins with atypical ab- 
sorption spectra and thus containing presumably two or more prosthetic groups 
are being discovered.  In this group, in addition to the two yeast compounds 
mentioned above, may be listed xanthine oxidase (3),  liver aldehyde oxidase 
(5),  and the glucose oxidase obtained from Penicillium  notatum  (4,  9).  The 
significance of  this  coupling  of  the  flavin oxidation-reduction system  with 
another prosthetic group in presumably the same protein molecule remains ob- 
scure.  Indeed, the nature of the material present in addition to flavin in any 
one of these proteins is as yet unknown.  One may presume that a vitamin is 
involved.  In the case of the unknown prosthetic group of the flavoprotein 
described here, a  comparison of its absorption spectrum with that of different 
vitamins was made.  Some similarity is to be seen between its spectrum and 
that of folic acid (1) and vitamin Be (8).  These substances, however, exhibit 
a change in spectra with pH which is just the reverse of that observed for the 
compound described here. 
s~Y 
The yeast yellow protein contains two prosthetic groups,  one of which is 
undoubtedly a flavin.  The nature of the other is unknown, though some of its 
properties are described. 
No catalytic function for this protein has as yet been found. 
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